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Intercropping of suitable plant species has great value for the remediation of heavy metals-contaminated 
soils. The objective of the present study is to fix the problem of cadmium-contaminated soil by a 
fenugreek-wheat intercropping system. A pot experiment was managed to investigate the effect of 
wheat-fenugreek intercropping on growth, antioxidant activities and cadmium accumulation 
characteristics of tested plants grown under four cadmium concentrations (0, 5, 10 and 20 mg/kg soil). 
Intercropping of fenugreek with wheat significantly improved growth of both species as compared with 
monocropping plants. Meanwhile, the cadmium concentrations in the shoots and roots of wheat in the 
intercropping design were significantly (p <0.05) lower than those in the monoculture. Additionally, 
fenugreek-wheat intercropping can improve plant resistance to heavy metals by decreasing the oxidative 
damage and increasing the antioxidant activities. 
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INTRODUCTION 
Soil contamination with heavy metals has become 
an important global challenge to environmental 
quality and human health. This situation has been 
worsened due to industrialization, urbanization, 
and excessive wastewater application for crop 
irrigation. Although some heavy metals, e.g. zinc, 
copper, and iron are considered plant 
micronutrients, there are others which are 
xenobiotic. Cadmium induces various noxious 
effects to different biochemical and physiological 
processes. Soils become contaminated with 
cadmium due to many natural and anthropogenic 
activities. (Hamid et al., 2019). In plants, Cd 
toxicity induces oxidative stress by increasing 
their active oxygen species and decreasing the 
content of antioxidant compounds. The oxidative 
damage is an etiological factor implicated in 
several chronic human diseases such as kidney 
stones, inflammation of glomeruli and tubular 

necrosis in the renal system (Hussain et al., 
2019). Thus, remediating cadmium-contaminated 
soil has received a worldwide concern. The heavy 
metal remediation abilities of plant monocultures 
are often limited; therefore, the complementarity 
of co-planting species can be of significant value 
for the remediation of heavy metals found in  the 
soil (Desjardins et al., 2017).  
    Intercropping is an efficient agronomic regime 
which can improve the effective utilization of soil 
nutrients, light, water, and space resources by 
crops, thereby increasing growth and yield of 
plants (Lu et al., 2017; Zhang et al., 2019).  
Intercropping system has the potential to 
remediate heavy metal-contaminated soils by 
regulating heavy metals  absorption by plants, for 
saving safe crops (Zhang et al., 2019).Therefore, 
intercropping is a promising strategy and feasible 
practice of enhancing the remediation of heavy 
metals-contaminated soils.  
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       Among cereals, wheat (Triticum aestivum L.), 
a potential  source  food  for  overgrowing  world  
population, may accumulate above permissible 
limits of cadmium in its grains if cultivated on 
cadmium-contaminated soil (Hussain et al., 2019). 
Controlling Cd in the wheat aerial parts especially 
in grains is absolutely necessary to reduce Cd-
mediated health risks. Fenugreek (Trigonella 
foenum- graecum L.) has  multiple  uses  as food,  
feed and in traditional medicine as well as in 
improving the soil fertility through biological 
N2fixation (Dadrasan et al., 2015; Salehi et al., 
2018); therefore it  provides a novel strategy for 
sustainable agricultural cropping systems (Salehi 
et al., 2018). Fenugreek is a powerful Cd 
hyperaccumulator (Zayneb et al., 2015), and can 
accumulate high concentrations of Cd in the root 
system (Abdel hameed and Metwally, 2019) to be 
utilized for remediation of cadmium-contaminated 
soil.  No studies have focused on the remediation 
potential for Cd by fenugreek intercropped with 
wheat under induced Cd stress conditions. 
Therefore we try in this study to test remediation  
potential  of  fenugreek intercropped with  wheat  
in cadmium-contaminated soil. This achieved 
through studying the effect of the intercropping on 
cadmium content in plants, oxidative stress 
markers and the antioxidant activities.  
The hypothesis for the advantage of wheat-
fenugreek intercropping in cadmium-contaminated 
soil is that the efficient Cd uptake ability of 
fenugreek, which decreases Cd availability in the 
rhizosphere of wheat, and hence Cd uptake by 
wheat root. 
 
MATERIALS AND METHODS 

Tested soil and plants 
     The present work was performed in the 
greenhouse of Botany Department, Faculty of 
Science, Zagazig University during winter 2017. 
The tested soil was collected from local 
agriculture soil at Sharkia Province. Soil' 
mechanical and chemical properties are 
mentioned in Table (1). The seeds of wheat and 
fenugreek were supplied by the Agriculture 
Research Centre, Ministry of Agriculture, Giza, 
Egypt. 

Experimental design 
Ten kilograms of soil was loaded into plastic pots 
(22.7 cm in diameter and 31 cm in height).  Wheat 
and fenugreek seeds were sown in the pots after 
sterilization with 30% sodium hypochlorite solution 

for 2 minutes, washed four times with tap water, 
and rinsed in sterilized distilled water.  Pots were 
classified into three groups: group1: monoculture 
of wheat(containing  ten wheat seeds /pot), 
group2: intrercropping of fenugreek with wheat ( 
five wheat seeds mixed with  five fenugreek seeds 
/pot) and group 3:monoculture of fenugreek (ten 
fenugreek seeds /pot). The pots were irrigated 
weekly with tap water  for 3 weeks, and  uniform 
seedlings were selected for different treatments. 
For the monocultures, each pot contained four 
seedlings and for intercropping it contained two 
wheat seedlings and two fenugreek seedlings.  
Each group contained four levels of Cd: 0, 5, 10 
and 20 mg/kg. Cadmium sulphate (CdSO4) at 
different concentrations (0, 5,10 and 20 mg/l) 
were added to soil  for one week before cultivation 
(Setkit et al., 2014). Different treatments 
(concentrations) were installed in three replicates 
for each treatment.   
Morphological and biochemical analysis were 
performed at two growth stages: Late vegetative 
stage: after two months of cultivation and 
flowering stage: after three months of cultivation 
to evaluate the response of plants to cadmium 
stress during life cycle. After harvest time (after 
five months of cultivation), fenugreek and wheat 
plants were dried in an oven at 70°C for 48 hours 
until constant weight and dry weights were 
recorded.  Dried plant and soil samples were used 
for estimation of cadmium content. 

Measurement of growth indicators 
      Growth criteria measurements: Wheat and 
fenugreek plants were collected at vegetative and 
flowering stages for  measurements  of  different  
growth  criteria (Height  of  the  plant,  root  length, 
fresh weight and dry weight ).   

Oxidative stress under Cd toxicity 

1. Determination of malondialdehyde (MDA) 
content) 
 Plant malondialdehyde content (indicative of the 
degree of peroxidation of    membranes under 
stress) was measured using the method 
described by Li (2000).  

2. Determination of hydrogen peroxide (H2O2) 
content. 
Hydrogen peroxide (H2O2) content was estimated 
as described by Alexieva et al., (2001). About 0.2 
g of leaf samples of wheat and fenugreek were 
homogenized using 0.1% trichloro acetic acid  
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Table 1: Mechanical and chemical analyses of the experimental soil 
 

pH Humidity Clay Silt Sand Cd organic matter content 

8.24 5.23% 28.9 % 24.05 % 47.05 % 0.14 mg/kg 20.19 g/kg 

 
(TCA). The homogenate was filtered through the 
Whatman No.1. filter paper. Then, 0.5 ml 100 mM 
K-phosphate buffer (pH 6.8) and 2 ml reagent (1 
M KI w/v in fresh double-distilled water H2O) were 
added to o.5ml of the leaf extract filtrate and then 
incubated in dark for one h. The absorbance of 
the developed color was measured at 390 nm 
against a reagent blank. The content of H2O2was 
calculated using a standard curve prepared with 
serial concentrations of H2O2.  

2.5Antioxidant system 

1. Phenolic compounds assay 
The content of total phenolic compounds was 
assessed using the method of Strycharz and 
Shetty, (2002). Fresh leaves (1 g) were 
homogenized with 5 ml methanol. The 
homogenate was centrifuged at 10,000 rpm for 10 
min and the supernatant was completed to a 
known total volume. Methanol extract was mixed 
with 1 ml of    95 % ethanol, 5 ml of distilled water 
and 0.5 ml of 50 % (V/V) Folin-Ciocalteu reagent; 
for the blank, 1 ml methanol replaced 1 ml extract. 
After 5 min, 1 ml of 5 % (w/v) Na2CO3 was added 
and mixed with samples. Tubes were covered and 
incubated in the dark for 10 min and the 
absorbance was measured at 725 nm. The total 
phenolic content was given based on the standard 
curve which was prepared using Gallic acid at 
concentrations of 2-20 μg/ml.  

Flavonoid compounds assay 
Total flavonoid content was determined according 
to the method of Changet al., (2002). 

Ascorbic acid (Vitamin C) assay. 
Ascorbate was determined as the method given 
by Okamura (1981). 

Analysis of heavy metal (Cd) in soil and plants 
       The different dried plants organs (shoot, root 
and seeds or grains) and soil sample were 
digested according to the method of Awofolu  
(2005). Cadmium content in different plants 
organs was determined by using acid digestion 
(HNO3 and H2SO4), and the digested samples 
were analyzed by ICP-AES technique (inductively 
coupled plasma optical emission  

 
spectrometer). Cadmium concentration in different 
plant organs and soil were expressed as mg/g 
DW. 

2.7.Statisticalanalysis 
The obtained data were analyzed statistically 
paired sample T-test comparing between 
monoculture and intercropping. Differences were 

considered significant when p>0.05. All statistical 

analyses were carried out using the software 
SPSS, version 16 for windows. 
 
RESULTS 

Effects of intercropping  design on plants 
growth under cadmium stress 

Heavy metals  have  adverse  effects  on  
physiological  and biochemical  function  of  
plants,  most  obvious effects are the inhibition of 
growth. Results in Table (2) indicate that cadmium 
with different concentrations had negative effect 
on wheat growth (root length, plant height, fresh 
weight and dry weight).The growth of the 
intercropped-wheat was significantly higher than 
monocropped-wheat under different levels of 
cadmium.  

Effects of intercropping design on 
accumulation of cadmium in plants.  

The Cd absorption characteristics of wheat 
and fenugreek plants were indicated through 
determination of cadmium content in soil, root, 
shoot and grains or seeds. Cadmium contents of 
wheat and fenugreek were significantly (p<0.05) 
differ between the monoculture and intercropping 
treatments as shown in Fig. (1). Cadmium 
concentration in the intercropped wheat were 
significantly (p<0.05) lower than that in 
monocultures .The content of cadmium in wheat 
plants   was significantly (p < 0.05) decreased  by 
intercropping with fenugreek plants. Contents of 
Cd in root, shoot and grains of intercropped-wheat 
were lower than those of monoculture- wheat 
under different concentrations of cadmium.  

 
 



Hussein et al.,                                              Effect of intercropping design on cadmium toxicity of wheat 

 

Bioscience Research, 2019 volume 16(3): 2678-2689                                                  2681 

 

 

 
 

Figure 1 .Cadmium content (mg/kg) of   wheat (A) and fenugreek (B) in monoculture and intercropping treatments. 
Values are given as means of 3 replicates ± standard error. Within a column, means followed by asterisks are significantly different from mono-

cultured treatments according to paired-samples t test at p<0.05. 
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Table (2): Effect of intercropping of   wheat plants with fenugreek plants on fresh weight, Dry weight, shoot length, root length and leaf 
area of wheat and fenugreek plants under Cd stress. 

Values are given as means of 3 replicates. Within a column, means followed by asterisks are significantly different from the monocultured 
treatments according to paired-samples t test at p<0.05 

Growth parameters Shoot length (cm) Root length (cm) Plant fresh weight (g) Plant dry weight (g) 
Leaf  area/leaf length 

(cm2)/(cm) 

                      Growth  Q Stages 
 

Treatments 

Vegetative 
Stage 

Flowering 
Stage 

Vegetative 
Stage 

Flowering  
 stage 

Vegetative 
stage 

Flowering 
Stage 

Vegetative 
Stage 

Flowering 
stage 

Vegetative 
stage 

Flowering 
Stage 

Control 

W
h

e
a
t 

M
o

n
o

c
u

lt
u

re
 

24 56 6.6* 7.3* 
3.2* 

 
10.9 1.8* 4.18 * 8.4* 30* 

Cd 5mg/kg 20* 

 
54 5.9 6.7 2.93 7.5 1.7 4.05 5.2* 23* 

Cd10mg/kg 20* 
 

54 
 

4.4* 5.1* 1.25* 
 

6.3 0.9* 
 

3.81 6.1* 26* 

Cd20mg/kg 17* 52 5.4* 5.9* 1.69* 4.9 1.1* 3.26 * 7.4 26* 

Control 

W
h

e
a
t 

In
te

rc
ro

p
p

e
d

 

30.2 * 77* 8.4* 
 

8.6* 
 

4 * 12.5* 
 

2.3 5.19* 18* 36* 

Cd 5mg/kg 24 * 58 * 5.2* 
 

6.2* 3 * 10.5 
 

2 5 17.2 30 

Cd10mg/kg 21.3* 58 * 6.1* 
 

7.1* 
 

2.05* 5.3* 
 

1.6 * 3.8* 16.3 * 29* 

Cd20mg/kg 23 * 49.9* 
7.4* 

 
7.9* 1.8* 

9.25* 
 

1.3* 4.5* 17 28 

Control 

F
e

n
u

g
re

e
k
 

m
o

n
o

c
u

lt
u

re
 

12* 30 6 7.6* 0.63* 2.9* 0.4* 1.35* 1.6* 2.2* 

Cd 5mg/kg 7.5* 29 6 6.9 0.44* 2.3 0.3 0.71* 1.4 1.8* 

Cd10mg/kg 6* 34 4* 5.7* 0.27* 1.15* 0.2* 1.29* 1.5 2 

Cd20mg/kg 6.5* 27* 4* 6.9 0.34* 1.5* 0.26* 0.65* 1.2* 1.7* 

Control 

F
e

n
u

g
re

e
k
 

in
te

rc
ro

p
p

e
d

 12.1* 31* 7.9* 11.3* 1.3* 3* 0.69* 1.45* 1.7* 2.3* 

Cd 5mg/kg 9.8* 28 6.5* 10.5 0.7* 1.29* 0.4* 1.3 1.4* 1.9* 

Cd10mg/kg 6.5* 35* 6* 11.1 0.4* 3.5* 0.24* 0.79* 1.5 1.8* 

Cd20mg/kg 7.8* 26* 5.5* 10.3* 0.61 1.01* 0.35* 0.92* 1.3* 1.8* 
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Effects of intercropping design on oxidative 
damage induced by Cd. 
Hydrogen peroxide content and lipid peroxidation 
were estimated to investigate the oxidative 
damage induced by cadmium. Lipid peroxidation 
was estimated by measuring malondialdehyde 
(MDA) content as shown in Fig. (2). Compared 
with the wheat monoculture plants, the MDA 
content was significantly decreased by the 
intercropping treatment under Cd stress. In 
comparison with the wheat monoculture plants, 
hydrogen peroxide content was significantly 
decreased in the intercropped wheat plants as 
shown in Fig. (2).  

Antioxidative defense system under Cd stress. 
Result in Fig. (3) showed that the 

intercropping system was significantly  increased 
total phenolic contents in wheat plants  as 
compared to the monoculture one. A more or less 
similar trend, which obtained in phenolic contents, 
is present in flavonoids contents in either mono or 
intercropped wheat plants as shown in Fig. (3).As 
shown in Fig. (3), Application of intercropping 
design was significantly increased the ascorbic 
acid content in wheat plants. The maximum 
content is 1.82 mg/mL recorded in Cd10 mg/kg 
treatment in intercropped wheat plants at 
flowering   stage 

 

 
 
Figure 2; Oxidative damage markers (MDA content (µM /g fresh weight) and H2O2 (µM /g fresh 
weight) )in wheat (A) and fenugreek (B) in monoculture and intercropping treatments. 
  Values are given as means of 3 replicates ± standard error. Within a column, means followed by 
asterisks are significantly different from the mono cultured treatments according to paired-samples t test 
at p<0.05. 
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Figure.3.Non-enzymatic antioxidants content (Total phenolic (mg /g fresh weight), Total 
Flavonoids (mg QE /g fresh weight), Ascorbic acid content (mg /mL)) in wheat (A) and fenugreek 
(B) in monoculture and intercropping treatments. 
Values are given as means of 3 replicates ± standard error. Within a column, means followed by asterisks 
are significantly different from the mono-cultured treatments according to paired-samples t test at p<0.05.
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DISCUSSION 
Intercropping design in which two crops are 

cultivated in the same area and at the same time 
is able to enhance crop diversity at the field scale 
and maintain ecosystem functions by increasing 
nutrient bioavailability in plant shoots and 
improving ecological function (Zu et al., 2017; 
Tian et al., 2019). Our result showed that growth 
criteria of the intercropped plants both wheat and 
fenugreek were significantly enhanced (P <0.05) 
compared with monocropping plants. 
Intercropping with legumes  enhance  soil  fertility  
by increasing  soil  nitrogen  (N)  through  the  N-
fixing ability of rhizobacteria, thereby allowing 
more fixed-N to remain in the upper soil layers 
and become available  for plants (Chapagain and 
Riseman, 2014). Therefore, a fenugreek-wheat 
intercropping system could be a good strategy for 
alleviation of Cd toxicity on plants growth in Cd-
contaminated soil.    

Intercropping  design  can  decrease  the  
quantity  of  trace  metal  in   the intercropped  
crops,improve  the  remediation opportunities  of  
the  enrichment  plants  on  polluted  soils and 
reducing the food  safety  risks  (Huang et al., 
2006; Zu et al ., 2017). In this study, Cd 
concentrations in shoots and grains of wheat were 
significantly decreased by intercropping with 
fenugreek under all cadmium levels as compared 
to the monoculture plants. Similarity, 
concentrations of Cd  decreased  in  the  shoots  
of  tamarillo by intercropping of tamarillo with 
American black nightshade (Solanum 
photeinocarpum Mill.) as compared  to  the  
monoculture plants  under cadmium stress (Lin et 
al., 2018). Agroecology, other studies reported 
that intercropping and inter-planting designs, 
depends on the principle of allelopathy, could 
improve agricultural productivity by improving the 
yield and quality of crops (Liu et al., 2019). The 
allelopathic potentional  of wheat during the 
intercropping design  improves the  cultivated soil 
quality by adding nutrients for crop plants, 
reducing the weeds and  pests  infestation and  
conferring tolerance against environmental 
stresses (Aslam et al., 2017). Hence, 
intercropping of fenugreek with wheat not only 
improved wheat growth alone but also improved 
fenugreek growth.Intercropping  system can affect 
the exchangeable  levels of Cd in the soils 
(Murakami et al., 2008). Thus, fenugreek-wheat 
intercropping system would change and affect the 
uptake of cadmiumby plants. The nitrogen fixation 
at the root of fenugreek can provide nutrients to 
wheat to enhance the tolerance of wheat to Cd as 

nitrogen is an important detoxification factor for 
cadmium stress (Zhang et al., 2014; Cui et al., 
2018). Therefore intercropping of fenugreek with 
wheat would be a good approach for remediation 
of Cd and improve the food quality of wheat in Cd-
contaminated soils. 

Malondialdehyde (MDA) -a lipid peroxidation 
product- is correlated with the increase in toxicity 
of heavy metals (Kumar et al., 2019), so the 
extent of peroxidation of lipids in the Cd-treated 

plants were determined through MDA assay. 
Cadmium caused cellular damage in plants, which 
can be examined by estimating the lipid 
peroxidation level in plants as by increasing the 
content of MDA, the degree of peroxidation of the 
cell membrane was increased under Cd stress 
(Tammam et al., 2016; Rizwan et al., 2019). Also, 
malondialdehyde (MDA) contents in shoots and 
roots of wheat plants were increased under 
cadmium stress (Chen et al., 2014; Rizwan et al., 
2016). Peroxidation of lipids results in breakdown 
of plant tissues, which in turn decreased the 
growth of plants (Pandey, 2018).  

Hydrogen   peroxide has important   roles   in   
some   physiological processes   such   as   cell   
elongation, growth, development and protection of 
plants from severe environmental stresses (Petrov 
and Van Breusegem , 2012). Excessive heavy 
metals increase the H2O2 level and lipid 
peroxidation in plants (Cui et al., 2018). In our 
study, compared with the monoculture treatments, 
intercropping significantly decreased MDA and 
H2O2 contents in both wheat and fenugreek. The 
results indicated that intercropping treatment can 

mitigate the toxic effects of heavy metals by 
decreasing the harmful substance and alleviating 
oxidative damage.   

Plants possess an efficient anti-oxidative 
defense system to detoxify the ROS and to be 
prevented from oxidative damage (Rehman et al., 
2019). Non enzymatic anti-oxidants like phenolics, 
play an important role in plant defense from most 
ion toxicities (Singh et al., 2016). Phenolics are 
able to repair or prevent injuries caused by stress 
by interaction with many cell structures and 
biochemical pathways (Amari et al., 2017). 
Phenolics have an important role in Cd 
detoxification due to their high reactivity as 
hydrogen or electron donors, stabilize and 
delocalize the unpaired electron (chain-breaking 
function) (Huang et al., 2005). Increasing in 
phenolics contents may be a cellular adaptive 
mechanism for scavenging oxygen free radicals 
during stress (Mohamed and Aly, 2008). Some 
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flavonoids have the ability to protect plants from 
heavy metal stress by chelating transition metals 
that generate hydroxyl radical through the 
Fenton's reaction to produce complexes that save 
the metal ions from their participation in free-
radical generation (Michalak, 2006). It is   
important   to   evaluate   changes   of flavonoids 
and phenols contents under heavy metal stress.  
This  is  due  to  the  important that  heavy  metals 
could affect each of them at different content  
creating  variations in  some  parts of plants   
physiology   and   not   in   others   to   access   an 
adequately  high  flavonoids  and  phenols  
amounts  of plants  applied  in  the  process  is  
the  basis  of  induced remediation  efficiency. 
Ascorbic acid (AsA), one of the most powerful 
antioxidant in plants, is believed to protect plants 
from oxidative damage by scavenging free oxygen 
radicals. An increase in the level of AsA in plants 
is one of the approaches of attaining stress 
tolerance (Aziz et al., 2017). Ascorbic acid could 
improve the tolerance of wheat seedlings to 
cadmium stress (Wang et al., 2017)and  this  
could  implicate  its  important role  as  an  
antioxidant  acting  as  part  of   the  plant  
defense  system. Our study indicated that the 
intercropping of fenugreek with wheat plants 
resulted in significantly increasing in phenolic, 
flavonoids and ascorbic acid contents as 
compared to monoculture plants. Analysis of 
antioxidants revealed that the intercropping 
system of fenugreek with wheat played an 
important role in protecting plants against Cd-
induced oxidative stress.  

CONCLUSION 
In conclusions, the intercropping of fenugreek with 
wheat can effectively reduce the adverse impacts 
of cadmium on plant growth in Cd-contaminated 
soils. The growth of wheat was significantly 
increased by intercropping with fenugreek. 
Additionally, fenugreek-wheat intercropping 
system can increase the antioxidant defense 
mechanism and decrease the oxidative damage 
by Cd to enhance the resistance of plants in Cd-
contaminated soil. 
 

CONFLICT OF INTEREST 
The authors declared that present study was 
performed in absence of any conflict of interest. 
 
ACKNOWLEGEMENT 
The author would thank all participants.   
 
 

AUTHOR CONTRIBUTIONS 
All   authors   contributed equally in all parts of this 
study. 
 

Copyrights: © 2019@ author (s). 
This is an open access article distributed under the 
terms of the Creative Commons Attribution License 
(CC BY 4.0), which permits unrestricted use, 
distribution, and reproduction in any medium, 
provided the original author(s) and source are 
credited and that the original publication in this 
journal is cited, in accordance with accepted 
academic practice. No use, distribution or 
reproduction is permitted which does not comply 
with these terms. 

 
REFERENCES   
Abdelhameed RE, Metwally RA. (2019). 

Alleviation of cadmium stress by arbuscula 
rmycorrhizal symbiosis. International Journal 
of Phytoremediation, 1-9. doi: 
10.1080/15226514.2018.1556584 

Alexieva V, Sergiev I, Mapelli S, Karanov E. 
(2001). The effect of drought and ultraviolet 
radiation on growth and stress markers in 
pea and wheat. Plant, Cell & Environment, 
24(12): 1337-1344. doi: 10.1046/j.1365-
3040.2001.00778.x 

Amari T, Ghnaya T, Abdelly C. (2017). Nickel, 
cadmium and lead phytotoxicity and potential 
of halophytic plants in heavy metal 
extraction. South African Journal of Botany, 
111: 99-110. doi: 
https://doi.org/10.1016/j.sajb.2017.03.011 

Amin Mohamed A, Aly A. (2008). Alterations of 
Some Secondary Metabolites and Enzymes 
Activity by Using Exogenous Antioxidant 
Compound in Onion Plants Grown Under 
Sea water Stress (Vol. 3). 

Aslam F, Khaliq A, Matloob A, Tanveer A, 
Hussain S, Zahir ZA. (2017). Allelopathy in 
agro-ecosystems: a critical review of wheat 
allelopathy-concepts and implications. 
Chemoecology, 27(1): 1-24. doi: 
10.1007/s00049-016-0225-x 

Awofolu OR. (2005). A Survey of Trace Metals in 
Vegetation, Soil and Lower Animal Along 
Some Selected Major Roads in Metropolitan 
City of Lagos. Environmental Monitoring and 
Assessment, 105(1):431-447. doi: 
10.1007/s10661-005-4440-0 

Aziz A, Aisha Akram N, Ashraf M. (2017). 
Influence of natural and synthetic vitamin C 
(ascorbic acid) on primary and secondary 



Hussein et al.,                                              Effect of intercropping design on cadmium toxicity of wheat 

 

Bioscience Research, 2019 volume 16(3): 2678-2689                                                  2687 

 

metabolites and associated metabolism in 
quinoa ( Chenopodium quinoa Willd.) plants 
under water deficit regimes (Vol. 123). 

Buckingham S, Tipping E, Hamilton-Taylor J. 
(2008). Dissolved organic carbon in soil 
solutions: a comparison of collection 
methods. Soil Use and Management, 24(1): 
29-36. doi: 10.1111/j.1475-
2743.2007.00130.x remove from list of 
refrences 

 
Chang L-W, Yen W-J, Huang SC, Duh P-

D.(2002). Antioxidant activity of sesame coat. 
Food Chemistry, 78(3): 347-354. doi: 
https://doi.org/10.1016/S0308-
8146(02)00119-X 

Chapagain T, Riseman A. (2014). Barley–pea 
intercropping: Effects on land productivity, 
carbon and nitrogen transformations. Field 
Crops Research, 166: 18-25. doi: 
https://doi.org/10.1016/j.fcr.2014.06.014 

Chen C, Zhou Q, Cai Z. (2014). Effect of soil 
HHCB on cadmium accumulation and 
phytotoxicity in wheat seedlings (Vol. 23). 

Chi Lin C, Kao C-H.(1999). NaCl induced changes 
in ionically bound peroxidase activity in root 
rice seedling (Vol. 216). 

Cui T, Fang L, Wang M, Jiang M, Shen G. (2018). 
Intercropping of Gramineous Pasture 
Ryegrass (Lolium perenne L.) and 
Leguminous Forage Alfalfa (Medicago sativa 
L.)Increases the Resistance of Plants to 
Heavy Metals. Journal of Chemistry, 2018: 
11. doi: 10.1155/2018/7803408 

Dadrasan M, Chaichi MR, Pourbabaee AA, 
Yazdani D, Keshavarz-Afshar R. (2015). 
Deficit irrigation and biological fertilizer 
influence on yield and trigonelline production 
of fenugreek. Industrial Crops and Products, 
77: 156-162. doi: 
https://doi.org/10.1016/j.indcrop.2015.08.040 

Desjardins D, Brereton N, Marchand L, Brisson J, 
Pitre F, Labrecque M. (2017). 
Complementarity of three distinctive 
phytoremediation crops for multiple-trace 
element contaminated soil (Vol. 610-611). 

Hamid Y, Tang L, Sohail MI, Cao X, Hussain B, 
Aziz MZ. (2019). An explanation of soil 
amendments to reduce cadmium 
phytoavailability and transfer to food chain. 
Science of The Total Environment, 660: 80-
96. doi: 
https://doi.org/10.1016/j.scitotenv.2018.12.41
9 

Huang D, Ou B, Prior RL. (2005). The Chemistry 

behind Antioxidant Capacity Assays. Journal 
of Agricultural and Food Chemistry, 53(6): 
1841-1856. doi: 10.1021/jf030723c 

Huang YZ, Zhu YG, Hu Y, Liu YX. (2006). 
Absorption and accumulation of Pb, Cd by 
corn, lupin and chickpea in intercropping 
systems (Vol. 26). 

Hussain S, Khan AM, Rengel Z. (2019). Zinc-
biofortified wheat accumulates more 
cadmium in grains than standard wheat 
when grown on cadmium-contaminated soil 
regardless of soil and foliar zinc application. 
Sci Total Environ, 654: 402-408. doi: 
10.1016/j.scitotenv.2018.11.097 

Kumar A, Mishra S, Chaudhary M. (2019). 
Alleviation of heavy metal stress in 
Nyctanthes arbor-tristis under the treatment 
of lead (Vol. 1). 

Li, HS., (2000). Principles and Techniques of 
Plant Physiological Biochemical Experiment. 
Higher Education Press Beijing, China, 260–
263. 

Lin L, Chen F, Wang J, Liao Ma, Lv X, Wang Z. 
(2018). Effects of living hyperaccumulator 
plants and their straws on the growth and 
cadmium accumulation of Cyphomandra 
betacea seedlings (Vol. 155). 

Liu H, Gao Y, Gao C, Liu S, Zhang J, Chen 
G.(2019). Study of the physiological 
mechanism of delaying cucumber 
senescence by wheat intercropping pattern 
(Vol. 234). 

Liu L, Li W, Song W, Guo M. (2018). Remediation 
techniques for heavy metal-contaminated 
soils: Principles and applicability. Science of 
The Total Environment, 633: 206-219. doi: 
https://doi.org/10.1016/j.scitotenv.2018.03.16 
remove from list of refrences 

1 
Lu Q, Li J, Chen F, Liao Ma, Lin L, Tang Y. 

(2017). Effects of mutual intercropping on the 
cadmium accumulation in accumulator plants 
Stellaria media, Malachium aquaticum, and 
Galium aparine. Environmental Monitoring 
and Assessment, 189(12): 622. doi: 
10.1007/s10661-017-6322-7 

Michalak, A., (2006). Phenolic Compounds and 
Their Antioxidant Activity in Plants Growing 
under Heavy Metal Stress (Vol. 15). 

Mobin M, Khan NA. (2007). Photosynthetic 
activity, pigment composition and 
antioxidative response of two mustard 
(Brassica juncea) cultivars differing in 
photosynthetic capacity subjected to 
cadmium stress. Journal of Plant Physiology, 



Hussein et al.,                                              Effect of intercropping design on cadmium toxicity of wheat 

 

Bioscience Research, 2019 volume 16(3): 2678-2689                                                  2688 

 

164(5): 601-610. doi: 
https://doi.org/10.1016/j.jplph.2006.03.003 

Murakami M, Ae N, Ishikawa S, Ibaraki T, Ito M. 
(2008). Phytoextraction by a High-Cd-
Accumulating Rice: Reduction of Cd Content 
of Soybean Seeds. Environmental Science & 
Technology, 42(16): 6167-6172. doi: 
10.1021/es8001597 

Okamura M. (1981). A specific method for 
determination of total ascorbic acids in urine 
by the α,α-dipyridyl method. Clinica Chimica 
Acta, 115(3): 393-403. doi: 
https://doi.org/10.1016/0009-8981(81)90253-
9 

Pandey N. (2018). Antioxidant Defense System in 
Plants Exposed to Metal Toxicity: 
Responses, Tolerance and Remediation. 

Petrov VD, Van Breusegem F. (2012). Hydrogen 
peroxide-a central hub for information flow in 
plant cells. AoB Plants, 2012, pls014. doi: 
10.1093/aobpla/pls014 

Rehman M, Maqbool Z, Peng D, Liu L. (2019). 
Morpho-physiological traits, antioxidant 
capacity and phytoextraction of copper by 
ramie (Boehmeria nivea L.) grown as fodder 
in copper-contaminated soil. Environ 
SciPollut Res Int, 26(6): 5851-5861. doi: 
10.1007/s11356-018-4015-6 

Rice-Evans CA, Miller NJ, Paganga G. (1996). 
Structure-antioxidant activity relationships of 
flavonoids and phenolic acids. Free Radical 
Biology and Medicine, 20(7): 933-956. doi: 
https://doi.org/10.1016/0891-5849(95)02227-
9  remove from list of refrences 

 
Rizwan M, Ali S, Adrees M, Rizvi H, Zia-ur-

Rehman M, Hannan F.(2016). Cadmium 
stress in rice: toxic effects, tolerance 
mechanisms, and management: a critical 
review. Environmental Science and Pollution 
Research, 23(18): 17859-17879. doi: 
10.1007/s11356-016-6436-4 

Rizwan M, Ali S, Rehman MZU, Maqbool A. 
(2019). A critical review on the effects of zinc 
at toxic levels of cadmium in plants. Environ 
SciPollut Res Int, 26(7): 6279-6289. doi: 
10.1007/s11356-019-04174-6 

Salehi A, Mehdi B, Fallah S, Kaul H-P, 
Neugschwandtner RW. (2018). Productivity 
and nutrient use efficiency with integrated 
fertilization of buckwheat–fenugreek 
intercrops. Nutrient Cycling in 
Agroecosystems, 110(3): 407-425. doi: 
10.1007/s10705-018-9906-x 

Setkit, T, Niinae, M, Koga, T, Akita, T, Ohta, M. 

,Choso, T. (2014). EDDS enhanced electro 
kinetic remediation of heavy metal-
contaminated clay soils under neutral 
pHconditions. Colloids Surf. A Physicochem. 
Eng. Asp., 44 

Singh S, Parihar P, Singh R, Singh VP, Prasad 
SM. (2016). Heavy Metal Tolerance in 
Plants: Role of Transcriptomics, Proteomics, 
Metabolomics, and Ionomics. Frontiers in 
plant science, 6(1143).doi: 
10.3389/fpls.2015.01143 

Strycharz S, Shetty K.  (2002). Effect of 
Agrobacterium rhizogenes on phenolic 
content of Mentha pulegium elite clonal line 
for phytoremediation applications. Process 
Biochemistry, 38(2): 287-293. doi: 
https://doi.org/10.1016/S0032-
9592(02)00078-X 

Tammam A, Hatata M, Sadek O.(2016). Effect of 
Cd and Zn Interaction on Reactive Oxygen 
Species and Antioxidant Machinery of Broad 
Bean Plants (Vicia faba L). 

Tian X, Wang C-b, Bao X-g, Wang P, Li X, Yang 
S-c. (2019). Crop diversity facilitates soil 
aggregation in relation to soil microbial 
community composition driven by 
intercropping. 

Wan X-m, Lei M, Chen T-b, Yang J-x, Liu H-t, 
Chen Y. (2015).Role of transpiration in 
arsenic accumulation of hyperaccumulator 
Pteris vittata L. Environmental Science and 
Pollution Research, 22(21), 16631-
16639.doi: 10.1007/s11356-015-4746-6   
remove from list of refrences 

 
Wang S, Wu W, Liu F, Liao R, Hu Y. (2017). 

Cadmium stress tolerance in wheat 
seedlings induced by ascorbic acid was 
mediated by NO signaling pathways. 
Ecotoxicology and Environmental Safety, 
135: 75-81. doi: 
https://doi.org/10.1016/j.ecoenv.2016.09.013 

Zayneb C, Bassem K, Zeineb K, Grubb CD, 
Noureddine D, Hafedh M.(2015). 
Physiological responses of fenugreek 
seedlings and plants treated with cadmium. 
Environmental Science and Pollution 
Research, 22(14): 10679-10689. doi: 
10.1007/s11356-015-4270-8 

Zeng P, Guo Z, Cao X, Xiao X, Liu Y, Shi 
L.(2018). Phytostabilization potential of 
ornamental plants grown in soil contaminated 
with cadmium. International Journal of 
Phytoremediation, 20(4): 311-320. doi: 
10.1080/15226514.2017.1381939    remove 



Hussein et al.,                                              Effect of intercropping design on cadmium toxicity of wheat 

 

Bioscience Research, 2019 volume 16(3): 2678-2689                                                  2689 

 

from list of refrences 
Zhang F, Wan X, Zhong Y. (2014). Nitrogen as an 

important detoxification factor to cadmium 
stress in poplar plants. Journal of Plant 
Interactions, 9(1): 249-258. doi: 
10.1080/17429145.2013.819944 

Zhang Y, Hu J, Bai J, Qin H, Wang J, Wang J. 
(2019). Intercropping with sunflower and 
inoculation with arbuscular mycorrhizal fungi 
promotes growth of garlic chive in metal-
contaminated soil at a WEEE-recycling site 
(Vol. 167). 

Zhang Z, Wen X, Huang Y, Inoue C, Liang Y. 
(2017). Higher accumulation capacity of 
cadmium than zinc by Arabidopsis halleri 
ssp. germmifera in the field using different 
sowing strategies. Plant and Soil, 418(1): 
165-176. doi: 10.1007/s11104-017-3285-y       
remove from list of refrences 

Zu Y, Qin L, Zhan F, Wu J, Li Y, Chen J. (2017). 
Effects of Intercropping of Sonchus asper 
and Vicia faba on Plant Cadmium 
Accumulation and Root 
Responses.Pedosphere.doi: 
https://doi.org/10.1016/S1002-
0160(17)60484-3 

 
 
 
 
 
 
 
 
 


